We report on an infant with D-2-hydroxygIutaric aciduria, who presented with severe seizures and developmental delay. We reviewed the literature for 2-hydroxyghitaric aciduria and found six other patients with the D-isomer and 24 patients with the L-isomer. Although the clinical spectrum of this inborn error of metabolism is variable, the clinical course of the D-form seems to be more severe than this of the L-form.
Introduction
One of the causes of infantile seizures can be an inborn eiTor of metabolism. 2-Hydroxyglutaric aciduria is a rare neurometabolic disorder that frequently is characterized by seizures and developmental delay. The D-form o f this disorder is very exceptional.
We report on a m ale infant with a D-2-hydroxyglutaric aciduria and review the literature on 2-hydroxyglutaric aciduria.
Methods
Organic acids in urine, blood and cerebrospinal fluid (CSF) were analyzed by gas chromatography after extrac tion of an acidified sample with ethylacetate, evaporization of the solvent and trimethylsilylation, 2-Hydroxyglutaric acid was identified by gas chromatography-mass spec trometry, Separation and quantification of the D-and lisomers of 2-hydroxyglutaric acid were performed as de scribed by Duran et al. (1980) and Gibson et al. (1993a) .
Case report
E.I., a boy, was born after an uncomplicated pregnancy of 36 weeks. His parents, of Dutch origin, were not consanguineous and the family history was unremarkable.
Five days after birth he was admitted to the hospital because of increasing apathy. At that moment the physical examination revealed an icteric, drowsy newborn, without any sign of sepsis or meningitis. Phototherapy was applied for three days. Because of persisting lethargy nasogastral feeding was necessary for several weeks. Cerebral ultra sound scan showed a bleeding in the choroid plexus and a mild dilatation of the occipital horns of the ventricle system.
At the age of 4 months he was again admitted to the hospital because of seizures beginning with a tonic devia tion of head and eyes to the left, followed by tonic posture and generalized clonic seizures. Interictal consciousness was normal. No intercurrent infection was found. There was no macrocephalia. His psychomotor development was delayed; he had a truncal hypotonia with headlag and increased limb tone. Electroencephalography showed dif fuse epileptic activity, regularly accompanied with clinical manifestations of seizures. Phénobarbital was started.
Routine laboratory data of the blood, including acidbase status, glucose and lactate, were normal. Serological investigation for toxoplasmosis, rubella, cytomegalic and Neuroradiological investigations demonstrated bilateral frontal hypodensities on computed tomography (CT) whereas magnetic resonance imaging (MRI) revealed bilat eral cortical atrophy in the parietal areas, but a normal myelination for age.
At the age of 9 months, he had a developmental age of 2 months: poor fixing with his eyes, an extreme truncal hypotonia, no head control, hypertonia of the limbs with a poor movement pattern.
Daily epileptic tonic-clonic fits occurred despite serum levels for phenobarbital within the reference values range.
Discussion
2-Hydroxyglutaric aciduria is a rare neurometabolic disorder; two forms exist: the d-and L-form, both de scribed in 1980 for the first time (Duran et ah, 1980 Chalmers et al., 1980 . Diagnosis is made by gas chro matographic-mass spectrometric analysis of the urine. A special derivatization procedure is used to identify the dand L-isomers. Increased levels of the 2-hydroxyglutaric acid are also found in serum and cerebrospinal fluid of patients.
Reviewing the literature we found 32 other patients with 2-hydroxyglutaric aciduria. The clinical findings of the patients are summarized in Table 2 : patients 1 to 7 have D-2-hydroxyglutaric aciduria (our case, Chalmers et al., 1980 Craigen et ah, 1994 Gibson et ah, 1993b Jakobs et al., 1993 Loonen et al., 1993 Nyhan et al., 1995 Sugita et al., 1995 ; patients 8 to 31 have L-2-hydroxyglutaric aciduria (Barth et al., 1992 Barth et al., 1993 Cardoso et al., 1993 Divry et al., 1993 Duran et al., 1980 Gibson et al., 1993a Hanefeld et al., 1994 Jaeken et ah, 1988 Kaabachi et ah, 1993 Larnaout et al., 1994 Wilcken et al., 1993 . One patient was mentioned without specification of the absolute configuration of the 2-hydroxyglutaric acid (Haworth et al" 1991) and the clinical features were not given for one patient with the L-form (Gibson et al, 1993b) , These two patients are not further discussed.
Considering the patients with D-2-hydroxyglutaric aciduria all symptoms start in early infancy with the exception of the first patient described by Chalmers et al. (1980) . This patient presented with a protein-losing en teropathy but without any neurological sign at the age of ]0. Four patients out of seven (Pt 1,3,4,7) are admitted within the first 4 months of life; they all have severe seizures of generalized tonic-clonic type, infantile spasms or both, and an important delay in development. The 2 sibs described by Nyhan et al (Pt 5 and 6) have a milder form with a later onset and no seizures; a peculiarity of this family is the familial sensorimotor neuropathy. Ail patients have mental retardation with the exception of patient 2 (Chalmers et al., 1980) , Parents are not consanguineous with the exception of the parents of patient 2, isio report is found describing hemorrhagic events. So the bleeding in the choroid plexus of our patient may not be due to the metabolic disorder.
When neuroimaging in D-2-hydroxyglutaric aciduria is reported, it is not conclusive. In our patient and in patient 5 MRI showed bilateral cortical atrophy but a normal myelination for age. MRI of patient 7 showed bilateral periventricular abnormalities, Patient 3 had increased ex tracerebral fluid but a normal myelination.
The onset of the L-form is later and only three patients presented with seizures. Most of the children are admitted because of developmental delay or school problems. With * * the exception of patients 10 and 20, neurological'examina tion always revealed cerebellar symptoms (92%), whereas many children also have pyramidal and extrapyramidal features (respectively 9 and 7 out of 23 patients). Mental retardation is documented in all patients, Seizures are also a common feature (16 out of 22 patients) but "is of less severity compared to patients with the D-form. In 6 out of the 13 families parents are consanguineous; in 2 families parenty is not mentioned, Macrocephaly is present in 10 out of 14 patients with the L-form.
Cranial CT and MRI in patients with L-2-hydroxyglutaric aciduria reveal a consistent pattern of subcortical leukoencephalopathy and in some patients a cerebellar atrophy. In all patients metabolite analysis of the urine shows increased levels of the d-or L-form of 2-hydroxyglutaric acid but never of both of the two metabolites. When serum and CSF are analysed, elevation of these components is also found.
For genetic advice it is of interest that prenatal diagno sis can reveal an increased level o f d-2 -hydroxy glutaric acid in amniotic fluid obtained at 16 weeks o f gestation (Craigen et al., 1994 ; no reports are described concerning the L-form.
Conclusion
Our patient fits into the D-form o f 2-hydroxyg]utaric aciduria. Reviewing the literature of the 2-hydroxyglutaric aciduria one of the first remarks is that clinical information is not always complete. Seven patients with the D-form and 24 patients with the L-form are described. Most of the patients with the D-form have an early onset of the symp toms with a severe developmental delay and refractory epilepsy, However there are two patients with the D-form without neurological symptoms. No correlation has been found between the concentration of the 2-hydroxyglutaric acid in the body fluids and the severity of the disease, Nevertheless we think that especially in infants with re fractory epilepsy and developmental delay with hypotonia, one should think at D-2-hydroxyglutaric aciduria as a possible etiology.
